In this study, the potential use of indigenous natural loess(Hwangtoh) as a new construction material, via alkali activation in conjunction with microwave heating, was investigated. Hwangtoh pastes with three different mix proportions of varying alkali liquid concentrations at a constant liquid-to-Hwangtoh ratio of 0.55 were prepared. Through the investigation it was found that it is possible to prepare Hwangtoh paste with 19.02 N/㎟ at the age of 4 hours with the alkali solution of 8M NaOH and 1:4.5 mass ratio of liquefied Na 2 SiO 3 at the curing temperature of 60℃ by microwave heating. The strength development at early age of the alkali activated Hwangtoh paste specimens may be attributed to both a higher rate of reaction and moisture evaporation due to microwave heating
Introduction
With interest in environmental issues on the rise, there is an urgent demand to reduce the quantity of cement currently used, and to apply new construction materials that can replace cement, which is known to consume a lot of energy in the manufacturing process, and emit a large quantity of CO 2 ⓒ2012 The Korea Institute of Building Construction, All rights reserved.
quartz sand, aluminum silicate in combination with caustic lime. Recently, it has been reported that kaolin-like material can be solidified using the alkali-activated geopolymerization process. Studies on the geopolymerization process fall into two main categories depending on the properties of the raw material used [1, 2] . One involves the activation using a low-alkali activator, in which blast furnace slag (BFS), mainly composed of Si and Ca, is commonly used [3, 4, 5, 6, 7] . It has been reported that a compressive strength of 40MPa or higher can be reached through room temperature curing, but the decline in constructability and drying shrinkage caused by the rapid solidification are reported as disadvantages in this method. The other is a method that activates the materials mainly composed of Si and Al, such as fly ash (FA), silica fume (SF), and metakaolin (MK), using high concentration of alkali activator [8, 9, 10, 11, 12, 13] . Although the second method requires a curing temperature of 50°C or higher, it is known to offer the advantages of a compressive strength of 60MPa or greater and enhanced durability.
With the recent interest in using eco-friendly materials, the geopolymerization process has been applied to studies on the utilization of natural resources such as kaolin, which contains a large quantity of Si and Al [14] . A previous study showed that kaolin can be adequately activated to satisfy the conditions stipulated in the Korean Industrial Standard (KS) for the manufacture of bricks, including the requirements for compressive strength and absorption rate. However, the mixture required curing at a high temperature of 50°C or higher [15] , resulting in a energy-inefficient production, when a conventional oven was used. This study was carried out in an attempt to seek an efficient curing method that could serve as an alternative to the conventional heating oven and to improve the productivity of kaolin-based geopolymers.
Herein, a geopolymerization process using microwave heating was applied to indigenous Korean natural loess (Hwangtoh), and the characteristics of the alkali-activated natural Hwangtoh paste were analyzed and reported.
Experiment
Hwangtoh, a material similar to kaolin, was solidified through the geopolymerization process under different curing methods to evaluate the differences in the productivity, based on the curing period in the manufacturing process. The test specimens were prepared using pastes of natural Hwangtoh and varying alkali activators. Specimens in A series were cured using the conventional thermal method (conduction and convection), while B series were cured by microwave heating.
Test Material

Natural Hwangtoh
The Hwangtoh used in this study was produced in Gyeongsangbuk-do, Korea., The elemental analysis of the Hwangtoh (Table 1) shows that it is mostly composed of silica, aluminum, and iron with the presence of relatively small amounts of titanium, calcium, magnesium. Table 3 . Table 4 . Mix proportions of Hwangtoh paste Table 4 shows the mix proportions and experiment parameters considered in this study. Hwangtoh pastes were prepared by thoroughly hand mixing the Hwangtoh and theliquid activator at the liquid to binder ratio of 0.55, which was chosen based on the previous fluidity test results [15] . The dimensions of the specimens were 50 mm × 50 mm × 50 mm in compliance with KS L 5105.
Mix and experiment method
Before the specimens were removed from the molds, all specimens had been cured at 60±1℃ for 6 hours. The specimens were then classified by curing method into A and B series; where A series were cured for 7 days in an environmental chamber at 60±1 °C and 40±1 % relative humidity, while B series were cured for 4 hours using a microwave heating machine. Compressive strength and weight changes of the specimens were measured at different curing age for both series.
Microwave curing
The alkali activation of Hwangtoh paste requires a certain level of temperature for stable reactivity.
To maintain a desired activation temperature, conventional heating via conduction or convection is often used though, the method yields a low energy efficiency. On the other hand, microwave heating vibrates the water particles within a body, causing friction between molecules and efficiently generating heat. It is evaluated to be energy efficient and is not affected by the shape of the specimen. results. Figure 1 shows the prototype microwave heating system used for this research. 
Experiment results and analysis
Compressive strength of natural Hwangtoh paste
The compressive strengths of the specimens at different curing ages are shown in Table 5 To verify the appropriateness of the binder cured by microwave heating as a construction material, the quality standard of representative construction materials stipulated in KS was reviewed, and the summary of related information is shown in Table 7 . 
Conclusion
The effect of microwave heating on the productivity of kaolin-based geopolymers was 
